Reaction of N,N-diethyldithiocarbamate and other bidentate ligands with Zn, Co and Cu bovine carbonic anhydrases. Inhibition of the enzyme activity and evidence for stable ternary enzyme-metal-ligand complexes.
The reactions with N,N-diethyldithiocarbamate (DDC) of zinc, cobalt and copper carbonic anhydrase from bovine erythrocytes were investigated. The native zinc enzyme was inhibited by DDC, but no removal of zinc could be detected even at a very high [ligand]/[protein] ratio. At identical pH values a larger inhibitory effect was found for the cobalt enzyme. The metal was removed by DDC from the protein at pH less than 7.0. No cobalt removal occurred at pH 10, where a stable ternary complex with the enzyme-bound Co(II) was detected. Its optical and EPR spectra are indicative of five-coordinate Co(II). The reaction of the Cu(II) enzyme with stoichiometric chelating agent was marked by the appearance of an electronic transition at 390 nm (epsilon = 4300 M-1 X cm-1). Metal removal from the copper enzyme readily occurred as the ligand was in excess over the metal, with parallel appearance of a band at 440 nm, which was attributed to the free Cu(II)-DDC complex. Also, in the case of the copper enzyme an alkaline pH was found to stabilize the ternary adduct with the diagnostic 390 nm band. EPR spectra showed that the ternary adduct is a mixture of two species, both characterized by the presence in the EPR spectrum of a superhyperfine structure from two protein nitrogens and by a low g parallel value, indicative of coordination to sulfur ligands. It is suggested that the two species contain the metal as penta- and hexacoordinated, respectively. Measurements of the longitudinal relaxation time, T1, of the water protons suggested that water coordination is retained in the latter case. Hexacoordination with retention of water is also proposed for the Cu(II) derivatives with the bidentate oxalate and bicarbonate anions, unlike the corresponding Co(II) derivatives, which are pentacoordinated. Different coordination of Co(II) and Cu(II) adducts may be relevant to the difference of activity of the two substituted enzymes.